Introduction
With the continued advances in computational intelligence over the several decades, it is becoming increasingly vital that development of a new course curriculum on computational intelligence and soft computing in a university will contribute to technology advancements and applications [1, 2] . With the advance of increasingly faster computing hardware and cheaper memory chips, computational intelligence, a relatively new field of application in engineering, is becoming increasingly important in many engineering disciplines including robotics. ELEE4400/5400 Computational Intelligence Techniques that is a new curriculum teaches Electrical Engineering students to understand basic computational intelligence techniques including neural networks, bioinspired systems, fuzzy logic, simulated annealing, genetic algorithms and swarm intelligence. It aims to design, model, and simulate computational intelligence models for engineering applications, especially, research on mobile robotics. It is important to emphasize that this course differs from the traditional theoretical-based engineering course. The main focus is on teaching students to perform engineering and research projects to meet the required specifications while applying computational intelligence techniques for autonomous robots or other applications.
A series of well-prepared projects assigned to students to cover various topics in this course assist in student learning for enhancement of research skills. Teaching and learning strategies by the projectbased methodology were associated with ABET learning outcomes intended to improve student research capability [3] . In this on-going project, the objective is to perform an in-depth technical research consisting of multiple projects utilized on robot navigation, motion planning and mapping applications. Opinions of students toward project-based course were acquired by questionnaires at the end of the course to evaluate its dedication to student research. The teaching quality of projectbased course with regard to student research usually was assessed by course materials, student evaluation, project demonstration, presentation, and interviews with students.
Students understand various intelligent system models such as artificial neural networks, simulated annealing, genetic algorithms, and swarm intelligence in the class, while corresponding project assignments are assigned to students to apply the models they have learned to resolve researchconcentrated electrical engineering problems. Results of learning outcomes and assessment indicate that the on-going multiple-project-based pedagogy is effective and efficient to enhance the quality of student research. Assessment in the shape of milestone interviews, final presentation, surveys, project demonstration and instructor observation will be discussed in this paper. More precisely, Page 26.669.2 multiple projects as a variety of milestones are assigned to students in this curriculum to enhance student learning of concepts, and research ability. Based on these multiple projects, students are expected to develop a composite system by employing computational intelligence techniques for robotic motion planning and navigation applications. In this project-based course, multiple-project is intended to be designed to train the following research skills of students: (1) knowing current work in field, (2) recognizing research problems, (3) critical thinking, (4) problem-resolving, (5) research methods, (6) critical reviewing, and (7) documenting and reporting.
The On-going Multiple-project-based Pedagogy
The Department of Electrical and Computer Engineering in our school offers track concentration on the Robotics and Mechatronics program. A variety of practical research and development projects are crucial features of the Robotics and Mechatronics program. Therefore, Computational Intelligence course with on-going practical R&D project is a great opportunity for students to enhance their research experience. ELEE4400/5400 Computational Intelligence Techniques is an elective course offered for upper-level undergraduates and graduate students. Undergraduate students have the opportunity to undertake postgraduate-level elective curriculums in their final year of study. Concepts and algorithms are introduced in the classroom. However, projects will subsequently be assigned to students to provide them practical research experience.
The fundamental idea of on-going multi-project course teaching and learning through an on-going multiple-project is to decompose a large project into a series of projects that have synergistic connection. The previous project lays the foundation for the subsequent projects. Most importantly, the following research skills, should be embedded into the small projects, such as, knowing current work in field, recognizing research problems, critical thinking, problem-resolving, research methods, critical reviewing, and documenting and reporting. In this class, it is crucial to integrate innovative teaching methodologies, student learning strategies, team activities, milestone track, and faculty involvement together for the on-going project to maximize the teaching and learning effectiveness in research. The entire research project is decomposed into several small projects that are relatively independent and also relevant. Definition and design of this project by the instructor primarily emphasize on the following aspects: (i) every small project can contribute to the entire project; (ii) every project can be assigned to students after one or two weeks the concepts related to this project have been taught in the classroom; (iii) students should be aware of the connections between these small projects; (iv) every small project is feasible to be fulfilled in a controllable pre-defined schedule; (v) every small project is manageable in a team mode; and (vi) every small project is applicable to cover the principal topics taught in the classroom.
The Project Objective
The primary objective of the multi-stage project for student research is to develop efficient computational intelligence algorithms and implementations for real-time motion control and navigation of mobile robots in unknown environments. In this project, students are assigned multiple projects to aid them in developing a sequence of algorithms and finally, it is integrated into Page 26.669.3 one final project for motion control, navigation and mapping of autonomous robots. Each project assignment is scheduled after one or two weeks when the corresponding theoretical concepts and algorithms are introduced so that students are capable of applying what they have learned in the classroom into the projects. There are five decomposed sub-tasks, each of which may be called a sub-project summarized in Table 1 . Amongst the five small on-going projects, Project 1 with notion of P 1 (Perceptron) is a relatively independent project intended to obtain environmental information by sensors of a mobile robot. It should be noted that literature review, an important aspect in research skills, on robot navigation and motion planning is required in this milestone. Project 2 (P 2 : Wave propagation) assists student in construction of a global trajectory of a mobile robot, in which students are capable of practicing motion planning programming in a known environment. Proejct 3 (P 3 : Simulated annealing) is designed to provide students with local navigator development experience of a mible robot by instructed one of most powerful computational intelligence teachniques, simulated annealing. Project 4 (P 4 : GA-based method) is a global path planner based on genetic algorithms, which allows students better understand motion control by GA model. Objective of Project 5 (P 5 : Fuzzy logic) is to develop a local nvaigtor with obstacle avoidance under unknown envirnonments.
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Finally, combinations of several projects are following to enphsize research enhancment of students: (i) Project 2 as a global path planner is integrated with Project 3 or Project 5 to form a real-time autonomous mobile robot motion planning system in a known environment; (ii) Project 4 as a global path planner is combined with Project 3 or Project 5 to construct a real-time autonomous mobile robot navigation system in an unknown environment; or (iii) Project 2 as a global path planner is jointed with Project 4 to construct a real-time autonomous mobile robot navigation system in known environments for comparison purpose.
Project Progress by the Milestone Model
This is a challenging mission to design an effective method to assure multiple projects success. The project is one-semester lone thus its project management is essential in implementation of such a project-based curriculum. Effectiveness of project management through a milestone strategy has been proven to efficiently maintain project progress as a tool. Milestone model signals specific time points along this project timeline. The anchors such as a project starting point, sub-tasks, targets and end date, are marked. In this mode, the entire mission is decomposed into sub-tasks in a sequential, phase-wise manner where sequential requirements are gathered at various stages. Students are required to have a milestone interview with the instructor and submit their milestone reports by due dates, on a weekly basis. However, weekly-based interview timeline may be interrupted with reasonable reasons such as exacting results found before an interview. By means of the proposed milestone mode, the project was managed effectively. Milestone outcomes and reports are completely marked and interviews are carried out, which are summarized in Table 2 . In this table, milestone tasks, percentage of progress made, and performance analysis are available for us to better understand student learning activity, manage the project and assure student progress. Performance analysis indicates motivating factors for students to successfully complete the milestone tasks, and also barriers to cause postponement to complete the research projects. According to Table 2 , "significance of research project" and "assistance and encouragement from the instructor and TA" are two positive factors to make significant progress. "Difficulty in debugging" is the top reason having a negative influence on the project progress.
Additionally, learning quality in terms of research activity by self-assessment from students and performance analysis by interviews will be addressed in the following sections. Some other measures to improve the quality of teaching and learning involve student debugging notebook, research paper reading, team meetings, discussion with the instructor and highly-organized documents. A successful simulation result by Project 5 is illustrated in Figure 1 , in which a mobile robot trajectory is generated by developed Fuzzy Logic model by students.
Project Progress by Student Performance Analysis
In this section, it presents the methodology by performance analysis to take control of project progress. The multi-project based pedagogy can be implemented and evaluated by student performance analysis such as mistakes made by students. Students inevitably make mistakes or have weakness in each sub-project. The mistakes can be employed to improve students' research capability by classifying, ranking and analyzing these mistakes thereby, actions to help students avoid mistake can be taken in the subsequent sub-projects. Correspondingly, the mistakes can be utilized as clues to revise the project formulation, requirements, lecture materials, and outcomes so as to assist in strengthening research ability of students and improving teaching quality. Page 26.669.6
It reveals that course materials to be of high quality in guiding their on-going research projects benefit for student progress by revising lecture notes, based on mistakes of students. We have discovered that students highly motivated by on-going multiple-project-based curriculum to strengthen their research capability improve their research potential by correcting their own mistakes. The revised lecture materials work smoothly to develop students' research skills by keeping track of their project progress. Such student research skills consist of literature retrieval, information analysis, team player, creativity, argumentation, oral and written communication, and timing management. Technique skills to be enhanced contain design methodology, debugging, troubleshooting, coding, software architecture, and algorithm design, etc.
In Table 3 , mistakes made in each milestone and corresponding actions taken to improve the learning quality by performance analysis are summarized. The improvement of student performance is shown in Table 3 by reduction of percentage of student mistakes made (please see the second column in Table 3 ). Failed to deliver a good quality of presentation t (20%)
Coverage of more lectures on presentation skills.
Failed to submit a good quality of final report (25%)
Coverage of more lectures on documentation skills.
Assessment and Project Evaluation
This multi-stage project with emphasis on student research is evaluated at the end of semester and during the various milestones. The outcomes of the learning and teaching in engineering education are assessed as well. The project results are disseminated by students and instructors at various hierarchical research events such as college-level student research symposiums, university-level poster sessions in University Research Celebration, national research workshops, and even international conferences.
The Department of Electrical and Computer Engineering collects self-assessment questionnaire from students and the instructor gathers quantitative and qualitative feedbacks from students through survey and interviews. The self-assessment questionnaire covers the questions with regard to the project as well as the entire course that contains a variety of milestone assignments prepared for the design project [5] . The benefits are revealed according to project evaluations, selfassessment and a sequence of interviews.
Students consider that on-going team-based projects improve their learning skills to resolve engineering issues and enhance their research capability in an algorithm-based context. Students perceive that this on-going project with team members enables them to be better team players as coordination and consultation are very crucial to ensure successful completion of the project. They have more opportunities to discuss and share their ideas with peers, instructors, and computer administrators. Students discover that this team-based project with training interpersonal skills provides students with more communication opportunities. There are plenty of team meetings, in which students discuss a variety of algorithm development, software design and system integration aspects of this project. Students realize that this student-centered, research-featured, team-interactive and instructor-facilitated learning atmosphere is remarkably helpful for engineering leaning experience of student research. Students recognize that this multi-stage project encourages their full involvement to conduct the project from initial stage to end. The student's practical ability is exercised, research Page 26.669.8
interest is motivated, and creation thought is stimulated by employing self-determination design and development mode in this project.
Figure 1 Simulation result of a mobile robot trajectory generated by Fuzzy Logic model
The interactive self-assessments are beneficial to discover the strength and weakness of teaching and learning cycles with research components. The self-assessment was acquired from students in this ELEE4400/5400 as follows corresponding to ABET outcomes [6] .
1. Question 1 -"I can understand structures of artificial neural networks and perform training for neural networks and profoundly understand some important learning rules such as Hebbian, Perceptron and Delta learning rules." This assessment is associated with in Outcome e in ABET. Outcome (e): An ability to identify, formulate, and solve electrical engineering problems. In post-project, student survey shows that 83.3% students strongly agreed and 16.7% students agreed with the statement, "I can understand structures of artificial neural networks and perform training for neural networks and profoundly understand some important learning rules such as Hebbian, Perceptron and Delta learning rules". 66.7% students strongly agreed with the statement before the project. 16.7% students were neutral and 16.7% students disagreed before fulfillment of project.
2. Question 2 -"I can understand, write and execute C/Matlab programs for application problems by projects to perform artificial neural networks." (Outcome c). Outcome (c): An ability to design electrical systems, components, or processes to meet desired needs. In post-project, student survey shows that 83.3% students strongly agreed and 16.7% students agreed with the statement, "I can understand, write and execute C/Matlab programs for application problems by projects to perform artificial neural networks". 50% students Page 26.669.9 strongly agreed with the statement, 16.7% students were neutral and 33.3% students disagreed before fulfillment of project.
3. Question 3 -"I profoundly understand how genetic algorithms work and understand the fundamental concepts of genetic algorithms and their variants". (Outcome k). Outcome (k): An ability to use the techniques, skills, and modern engineering tools necessary for electrical engineering practice. In post-project, student survey shows that 83.3% students strongly agreed with the statement and 16.7% students were neutral with statement, "I profoundly understand how genetic algorithms work and understand the fundamental concepts of genetic algorithms and their variants". 50% students strongly agreed with the statement, 33.3% students were neutral and 16.7% students disagreed before completion of project.
4. Question 4 -"I understand the fundamental models generated by fuzzy and SA. I understand why fuzzy and SA are helpful for engineering applications". (Outcome k). Outcome (k): An ability to use the techniques, skills, and modern engineering tools necessary for electrical engineering practice. In post-project, student survey shows that 83.3% students strongly agreed and 16.7% students agreed with the statement, "I understand the fundamental models generated by fuzzy and SA. I understand why fuzzy and SA are helpful for engineering applications". 66.7% students strongly agreed with the statement and 33.7% students disagreed before completion of project.
Question 5 -"I have effective communication skills in the context of a collaborative, multidisciplinary design activity". (Outcome g
). Outcome (g): An ability to communicate effectively. In post-project, student survey shows that 83.3% students strongly agreed and 16.7% students agreed with the statement, "I have effective communication skills in the context of a collaborative, multi-disciplinary design activity". 50% students agreed with the statement, 16.7% students agreed, 16.7% students disagreed, and 16.7% students were neutral with the statement before completion of project.
6. Question 6 -"I can create professional documentation in connection with the lab assignments and design projects". (Outcome g). Outcome (g): An ability to communicate effectively. In post-project, student survey shows that 100% students strongly agreed with the statement, "I have effective communication skills for a collaborative, team-based design project and presentation skills to effectively present my project". 66.7% students agreed with the statement, and 16.7% students were neutral and disagreed with the statement, respectively, before completion of project. Documenting and reporting skills are extremely indispensable for student research, which is one of most important training factors in project-based course.
The assessment questionnaire and interview results before and after project are summarized in Table 4 . The instructor distributed the questionnaire and collected them from students. In comparison with learning outcomes before and after project, the average effectiveness scores of learning outcomes increase from 58.3% to 86.1%. The final project and presentation were Page 26.669.10 evaluated, which cover some criteria such as communication skills, capability to design and develop algorithms, ability to apply theoretical concepts into electrical systems, capability to solve the engineering issues, and multi-disciplinary team skills. In Figure 2 , it illustrates that most students strongly or agree with the statement indicated in the subjects representing ABET outcomes (e), (c), (k) and (g). It is interesting that students are more comfortable with their engineering design capability, problem-resolving ability and understanding engineering system aspects than their communication skills and ability to use techniques to engineering issues. Furthermore, the genetic algorithms in Question 3 (outcome k) are more difficult to understand in comparison with other algorithms such as simulated annealing and fuzzy logic, which are depicted by self-assessment and interviews in Figure 2 .
Questions -Outcomes The interviews are conducted in two stages to have assessment survey. One is on the time point after the concepts have been introduced during classroom discussions and before implementation of project. It assesses how students understand the concepts ready for the research project implementation. The other is on the time point after implementation of project when students had better understanding of dealing with research aspects by concepts introduced in the classroom. In Table 4 , comparison of questionnaire survey of ELEE4400/5400 projects reveals that these programming-based research projects grant better learning experience on their electrical engineering research. The quantitative and qualitative questionnaires are acquired to have in-depth insight to student learning quality. As a result, it is noted that the students after undertaking research projects have better feelings on their performance than before implementation of project. The self-assessment comparison before and after students performed research projects is illustrated Page 26.669.11
in Fig 2. Based on the self-assessment (in Figure 2) and evaluation by the instructors, student performance with regard to project development has been improved gradually. As discussed in previous sections, the research project is evaluated by milestone method and weekly interviews with students. Survey results labeled as "Survey Results" are primarily formed from self-assessment of students and interviews with students. In Figure 3 , over milestone and project progress, degree of difficulty is in comparison with completion rate in terms of milestones. Degree of difficulty is intended to measure how difficult students complete the research project whereas completion rate aims to indicate what percentage of work has been fulfilled of the project by a deadline. In Figure 3 , it reveals that lower degree of difficulty usually results in higher completion rate. For instance, Milestone 4, genetic algorithms for motion planning project, generates 80% completion rate with 95% degree of difficulty. "Final" in the figure is in the sense that final stage of project outputs final presentation, final demonstration, and final reports, etc.
Figure 3 Survey results with regard to degree of difficulty and completion rate of research projects
Project-based curriculum is intended to compliment the theoretical concepts taught in classroom and reinforce the learning and teaching efficiency focusing on student research in such an algorithm-feature course by providing students with practical research project environments [7] [8] [9] .
Mills et al [10] addressed benefits and advantages of project-based pedagogy and problem-based learning, which is more efficient than traditional "chalk and talk" pedagogy for engineering education. They also explained difference between project-based and problem-based learning. The project-based pedagogy and mixed model are strongly recommended by authors to be adopted in engineering education in comparison of traditional lecture-centered learning. Our paper extends the above literature of how the on-going project-based pedagogy is implemented to enhance student research capability. Difficulties exist in project-based pedagogy that was examined and explored by Blumenfeld et al [11] . In their paper, they emphasized that project-based learning is largely capable of enhancing motivation, interest and thought in engineering education. The paper proposed an agenda for research on how the motivation, interest and cognitive engagement can be enhanced. In comparison with these two papers, we have investigated, examined, assessed, and especially, implemented such a project-based pedagogy for enhancement of student research through a semester-long curriculum therefore, some important generalized recommendations can be provided to engineering education community regardless of any courses.
In conclusion, students fulfilled this multiple-project-based course have gathered the following benefits and leaning outcomes. This multiple-project-based new course has
• enhanced the problem-resolving capability by performing the project both independently and collaboratively; • offered students a great opportunity to obtain extensively programming experience in research project by employing computational intelligence techniques; • provided students with a sharing atmosphere to communicate effectively, practice team player skills, and work together collaboratively.
• allowed students to implement their project on a weekly basis so as to keep track of project progress to improve their research ability; • motivated students to attempt any innovative algorithm development, and software programming in the research project; • trained students to have contain research skills such as knowing current work in field, recognizing research problems, critical thinking, problem-resolving, research methods, critical reviewing, and documenting and reporting; • taken advantage of a sequence of multi-stage project assignments on the module-based architecture to accelerate the student learning curve in design methodology aspects necessary for the research project.
Discussion and Summary
In this section, it addresses generalization of this pedagogy beyond this specific Computational Intelligence course. Overall, there has been a greatly positive response to this on-going multiplePage 26.669.13
project-based curriculum to assist students in inspiring their research interest, strengthening their research ability and developing their research potential.
There are some generalized benefits of adopting on-going multiple-project-based pedagogy extracted from this specific course. This kind of pedagogy generally dedicates to most engineering courses. Beyond this course, this pedagogy provides a general guidance for any engineering curriculum with the following aspects.
1. On-going multiple-project-based pedagogy allows lectures to be revised based on students' mistakes, feedbacks, and performance of sub-projects, to better enhance research capability of students. 2. On-going multiple-project-based pedagogy ensures instructors to better keep track of progress and performance of students with regard to research practice. In this way, the entire project can be successfully fulfilled more effectively. 3. On-going multiple-project-based pedagogy assures instructors to carry out allocation of research work in a more reasonable manner, which fosters inquiry abilities, insight and knowledge. Project selection should be based on its validity and feasibility, and adaptability. It is noted that instructors should design, define, prepare and organize the subprojects carefully. 6. On-going Multiple-project-based pedagogy allows students to gain their knowledge and experience of research conception gradually by means of step-by-step sub-projects.
Regardless of any on-going project-based engineering curriculum, generally, this on-going multiple-project-based pedagogy should consist of five stages to implement it, which us applicable for general engineering courses.
Step 1 Formulation of project objective. In this stage, the instructors aid students to perform detailed research project analysis, and make students understand the background of the project. Students should understand the objective this project would achieve.
Step 2 Development of project management plan. Students and instructors work together to decompose the whole project into a series of sub-projects as modules. According to the requirements of sub-projects, schedule the modules and determine the project plan.
Step 3 Implementation of project. Students carry out the project by fulfilling a series of subprojects with supervision and direction by instructors. Instructors revise the project requirements and lecture materials based on last student performance of milestone. Page 26.669.14
Step 4 Assessment and evaluation of project. Students assess their milestone work first followed by mainly inspection by the instructor to see if team has achieved the milestones goal. Based on the progress of milestone, the new schedule and plan are determined for the next milestone to assure the better performance of project.
Step 5 Summary of project. In the procedure of sub-projects, instructors assist students in summarizing the milestone, finding unsolved issues, communication with others, training problem resolving skills, and modifying design methodology, to ensure smooth project progress.
Step 6 Documentation and demonstration of project. In this stage, instructors direct students to write final project report, deliver final presentation, and demonstrate their project.
Conclusions
This paper presented active learning and pedagogy carried out in a project-based Computational Intelligence Techniques course by an on-going research-centered project development in terms of real-time autonomous robot navigation and mapping. This paper described a new successful course curriculum development that dedicates to enhancing the quality of student research by project-based pedagogy. Evidence was presented in this paper that an on-going project-based methodology can effectively improve student learning in the senior-level and graduate level semester-long Computational Intelligence Technique course. A milestone methodology is utilized to keep track of the on-going project progress. Satisfactory performance was evaluated by various milestone assignments, projects, presentation and other activities. Generally, on-going multi-project-based education combined effective classroom lectures, student active learning, innovative pedagogies, project management, and team work, benefits for both student research involvement, and engineering curriculum.
